This paper presents a technique for measuring the temperature distribution of a wall tile structure in the thickness direction. An experimental specimen is made in order to simulate the external wall tile attached to concrete substrate subjected to solar radiation and thermography is used to measure the temperature distribution on the side surface of the specimen. The obtained temperature distribution of tile, adhesive mortar and concrete substrate is then used in calculating the thermal stresses at the interface. The result shows that the shear stress in tile system is more dominant than the normal stress. The shear stress was found to reach 2.6 MPa, while the normal stress was 0.008 MPa when the temperature of the tile surface reaches 50degrees Celsius. Further studies are required to identify the interfacial shear and normal strength inorder to quantify the thermal effect in tile delamination.
Introduction
External wall finishes play a crucial role in building performance not only providing aesthetic expression but also increasing the durability of the external wall structure, protecting against climatic and environmental conditions.1) There are many different types of external wall finishes, such as metal cladding, curtain walls, paint, and tiles. The selection of external wall finishes does not only depend on time, cost, and quality tradeoffs, but is also determined by the built environment in which the building is situated. For instance, in Tokyo, where high-rise buildings dominate the skyline, accessibility to the facade for future maintenance is critical in the selection of finishing materials.
Tiles are one of the most commonly used finishing materials on the external walls of buildings in urban areas of Japan. Their glazed surfaces produce a self-cleansing property which allows the tiles to be free from dirt and mold, leading to the cost effectiveness to maintain. The other reasons are that their hard and impervious surfaces enable them to be vandal resistant and waterproof and that they are able to withstand thermal changes and weathering so can protect the building walls from aggressive environment.
And also they are comparatively cheap, especially from the life cycle cost point of view. Despite its successful applications in many modern buildings, a tiling system sometimes fails, in the form of tile delamination, tile cracking, tile buckling and tile staining. for four side surfaces as shown in Fig. 3 prevents heat from neither entering nor leaving the system concerned.
Temperature measurement was performed using the experimental set up described in Fig. 4 . The cover of observation side was removed for 5 seconds, while the temperature field was being measured, and the interval of 10 minutes was secured between measurements, so that the heat loss to the surrounding environment can be minimized.
The detected resolution of temperature difference in a thermographic image depends on the distance between the specimen and the thermography camera. The distance from the specimen to the camera, which was about 45 centimeter, yields the resolution of 160 x 120 pixels. Then, this camera was connected with a computer, and the images of surface temperature field were retrieved for the observation and analysis. The temperature difference between layers will be considered as a source of thermal stress in next section. Fig. 8 shows the temperature profile in the wall through thickness direction. The curve of temperature profile on interface layer between tile and adhesive layer is not smooth. There are some temperature jumps across the interface. This phenomenon is maybe because of existing of air void which acts as thermal insulator. The void acts as a thermal shield against the heat flow because of its low thermal conductivity compared to those of tile system materials. This situation can promote higher stress concentration at interface layer.
Results of Experiment

Thermal Stress in Tile System
Thermal stress in tile system is occurred mainly due to different thermal conductivity generating different temperature in each layer and due to different thermal expansion coefficient among three materials in tile system. Two thermal stress models 4) used to calculate shear and normal stresses in adhesive layer that is polymer cement mortar in this study are proposed in the literature. The temperature distribution in the tile system obtained experimentally from the previous section is applied to determine the thermal shear and normal stresses in this section.
The shear stress model
For shear stress model 4), the tile system is consisted of three materials. There are tile, adhesive mortar and concrete as shown in Fig. 9 . The shear stress model is developed by the equilibrium of the free body diagram as shown in Fig.10 , and assumed that: a is thermal expansion coefficient and T is average temperature. The subscripts, 1 and 2, denote concrete and tile, respectively. G an E are shear modulus and Young's modulus of the adhesive layer. X is the distance from tile centroid to tile edge, while L is long side of tile. t, t1 and t2 are thickness of adhesive mortar, concrete and tile, respectively.
The normal stress model
The normal stress model4) is also developed to calculate the normal stress in adhesive layer and given in Eq.(4). For the normal stress model, the tile system is assumed as composing of two components: tile and lumped layer (adhesive mortar and concrete as one constituent) as shown in Fig 11. The following assumptions are used to develop the model:
(1) The thickness of adhesive mortar is very thin, so the stress in adhesive does not change through the thickness direction.
(2) Concrete layer is assumed thick enough, thus it can be modeled as elastic beam on rigid foundation. From the experimental investigation of temperature in tile system and two thermal stress models, the shear and normal stress along the distance can be determined and shown in Fig.12 and Fig.13 .
In this study, l is long side of tile dimension and equal to 45 mm.
From Fig. 12 , the maximum shear stress is occurred at the edge of the adhesive mortar because maximum relative displacement due to different temperature between tile and concrete is taken place at this position. The rate of shear stress shown in Fig. 14 is maximum when the heat is started applying to the tile system because the difference of the temperature between tile and concrete substrate is highest during the first few minutes. After the heat is more conducted through the concrete, the rate of shear stress is decreased and almost constant after 40 minutes because the temperature inside tile system is getting higher. In other words, the difference of temperature between tile and concrete is reduced after 40 minutes. 
